creates a link between the activity of the endolysosomal system and the cellular metabolic 13 state.
Introduction

15
CLC anion channels and anion/proton exchangers fulfill indispensable functions in nerve and Nevertheless, large-scale ATP-induced conformational changes of the ClC-5 C-terminus 32 demonstrate unequivocally the regulatory capacity of the nucleotide binding pocket [13] .
33
Combined, the above data suggest that mammalian CLC transporters are able to detect and AMP [15] . Of note, the release or production of metabolic energy results predominantly in ATP/ADP/AMP interconversion and a nearly constant total cellular content of these 40 nucleotides [12] . Hence, the different effects of adenine nucleotides on ClC-4 suggest that the 41 CLC CBS domains may serve as energy sensors [14] . In contrast, the identical functional 42 effects of ATP, ADP and AMP on ClC-5 implicate that nucleotide binding in mammalian
43
CLC transporters is physiologically irrelevant [15] .
44
To clarify whether mammalian CLC transporters can sense and respond to metabolic 
Results
54
The ion transport of ClC-3, ClC-4, and ClC-5 is differentially regulated by intracellular 55
ATP, ADP and AMP
56
We transfected HEK293T cells and used whole-cell electrophysiology to investigate the 57 functional effects of adenine nucleotides on three CLC anion/proton exchanger isoforms, the 58 human ClC-4 and ClC-5, and the membrane-localized mouse ClC-3 splice variant ClC-3c Figure S1) . Therefore, the current rundown induced by the washout of 
81
To test whether mammalian CLC transporters can detect metabolic energy changes,
82
we performed analogous experiments with intracellular ADP and AMP. The ionic transport of 83 the investigated isoforms was not substantially reduced when 5 mM ADP was added to the 84 pipette solution. In contrast, a large reduction was observed with 5 mM AMP in the pipette.
85
For ClC-3 and ClC-5, the AMP-induced rundown was significantly faster compared to the ratio between the gating charge and the ion current at one fixed voltage can be used to 116 estimate the number of silent non-transporting CLC proteins (see Figure 2A ). Applying this 117 analysis to ClC-5 revealed that ATP and ADP both decrease the aforementioned ratio ( Figure   118 2A and 2B). Accordingly, these nucleotides seem to enhance CLC ion transport by reducing 119 the probability that ClC-5 undergoes silent non-transporting cycles. In contrast, AMP binding 120 increased the ratio and accordingly the silent transport cycle probability. Of note, the apparent Figure S4B) .
This difference provides additional evidence that AMP can displace ATP from the CBS 124 nucleotide-binding pocket.
125
Analyzing the gating currents of ClC-3 revealed that cytosolic adenine nucleotides 126 also affect both the voltage dependence and the silent transport cycle probability ( Figure 2C ). and hints at the physiological specialization of these CLC transporters.
131
The proton transport pathway is important for CLC adenine nucleotide regulation
132
Voltage dependent gating in CLC channels relies upon a conserved negatively charged 146 distinct effects on voltage dependent gating and silent transport cycle probability (see Figure   148 2), we tested whether the adenine nucleotide regulation is specifically coupled to the separate MgCl 2 in the pipette (see Figure 1) , a significant ClC-5 current rundown was observed after 177 obtaining the whole cell configuration (Figure 4 ). Figure S6 ).
217
Especially the results on ClC-3 (see Figures 1 and 2 ) underline the importance of reduced by a P/4 leak subtraction sequence [64] applied from a holding potential of -30 mV.
320
The standard extracellular solution contained (in mM) 145 NaCl, 15 HEPES, 5 MgCl 2 , 4 KCl, from Sigma-Aldrich) were added to the pipette solution shortly before the experiments and 324 the pH was additionally adjusted if necessary. All solutions were titrated to pH 7.4 using 325 NaOH. In NMDG-based solutions, NaCl was substituted by equimolar N-methyl-d-
326
glucamine-Cl; pH was adjusted with NMDG.
327
Gating current measurements to estimate the apparent CLC gating charge
328
The gating charge mobilized during CLC activation was obtained by integrating the area 
Structural modeling and Data analysis 345
The UCSF Chimera [65] interface to MODELLER [66] was used to create a 3D protein 
